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Dlversny and. Predlctlve F unctlopal of Caragana Jubata Bacterlal Communlty llI
Rhlzosphere and Non- rhlzosphere Soil at Different Altlt}ldes . :
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Abstract ; ,Camgana jubata, as the main dominant plant in the alpine and subalpine regions of northern China, is an important component of the local ecosystem. However,
few studies have paid attention to its impact on the soil ecosystem and its response to environmental changes. Thus, in this study, we used high-throughput sequencing
technology to investigate diversity and predictive function of rhizosphere and bulk soil bacteria communities of C. jubata from different altitudes. The results indicated that 43
phyla, 112 classes, 251 orders, 324 families, and 542 genera were obtained from the soil. The dominant phyla in all sample sites were Proteobacteria, Acidobacteria, and
Actinobacteria. There were significant differences in bacterial diversity index and community structure between the rhizosphere and bulk soil at the same altitude, whereas the
differences across altitudes were insignificant. PICRUSt analysis showed that the functional gene families were mainly related to 29 sub-functions, including amino acid
metabolism, carhohydrate metabolism, and metabolism of cofactors and vitamins, and the abundance of metabolism was highest. There were significant correlations between the
relative abundances of genes involved in the level Il metabolic pathway of bacteria and phylum-level taxa, such as Proteobacteria, Acidobacteria, and Chloroflexi. The
predicted functional compositions of soil bacteria also showed a significantly positive correlation with the dissimilarity in bacterial community structure,, indicating that there was
a strong relationship between bacterial community structure and functional genes. This study preliminarily discussed the characteristics and functional prediction analysis of
bacterial communities in the rhizosphere and bulk soil of C. jubata at different altitudinal gradients, which provided data support for the ecological effects of constructive plants
and their responses to environmental changes in high altitude areas.

Key words: Caragana jubata; altitude; soil bacteria; community structure ; function prediction with PICRUSE
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W5 fir T A K F 7 X (£99. 67°.~
102. 84°, N34, 50° ~38. 16°) , 1% X Bl K R 7R3
TR S T L M R
75 M 2901~ 3957 m, 4E R fE - 3.55 ~
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F1 REWBILERFEIMBNSEERFER

Table 1 ~ Geographical and climatic information of each sampling site of C. jubata
ESE RN ZPE(E)/(°) HEE(N)/(°) T4/ m R/ C AEFIREK L/ mm
HCJ1 100. 41 34.50 3957 -2.53 524.58
HCJ2 99. 67 34.82 3754 -3.55 437.95
HCJ3 101. 81 37.82 3537 -2.95 380.93
LCJ1 100. 94 38.16 2979 -3.44 323.19
LCJ2 100. 33 38.10 2956 -1.35 315.65
LCJ3 102. 84 37.22 2901 -0.98 365. 66

1)HC]: %@TEE%TEX%JL( C. jubata from high altitude) ,LCJ: (R VEF3R R ST AS )L ,(C. jubata from low altitude) , NG

1.2 HIEREACRAE 5500

AR T 2020 4F 8 H i#F4T , 7E R AT ER G LY B
ASRRE SR 320 m x20 m IREDT, TE R HRE
J7 IR 5 — B0 3 BRI, 2 BUE AR 5, TC
BBY TP BT R HAA/NT 2 mm MOAR RS A1 A4S
FEARJS 2 5 mL LW L&, HFHIUR PR+
e, TR PEREARE D B R R AR R BIE ( <3 em) 2R
SEAEARPR HHRRE S RA S A S mL EHE EOE
B T IRCER AR B RE 0 )R SR AR
BRANAEAR PR 3R A % 18 A, Hhit 36 A T HEREA.

SRIE R BN TE R R AR AR R LR A2 0 ~ 20 em
I BT R 3 MR GRES, 2 18 A Lk
Rl ]S S I - S A o, TR AR
ANFE R IR

IR BT 2 BRSOk [ 21 ], T e bR
F5 3 pH | 135 /K & (soil water content, SWC) |
2 (total phosphorus, TP) | 4= % ( total nitrogen,
TN) Fll +3EA HLEK (soil organic carbon,SOC).
1.3 LHEANTE DNA $2H0, PCR &1 A0 7

S JH ALFA-SEQ Advanced Soil DNA Kit 7] £
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PEHL - HE 40 B DNA, 7 ik S B R BB fil
ThermoNanoDrop One il DNA F4) 4[5 ATk B DLFE
P2 DNA S 554, R 4 0 37 X 38K 1 18 %, fiff A7
barcode W4 ¢5F 5149 % TaKaRa Premix Taq® Version
2. 0( TaKaRa Biotechnology Co., Dalian, China) X} 4|
B 16S tDNA V4-V5 X 17 PCR ¥ 3, 519 K
“GTGCCAGCMGCCGCGGTAA” F1“ CCGTCAATTCMT
TTRAGTTT”. PCR ¥ % [z i 4 3 Fl 4% 14 2 [ Sk
[22]. 1 ] 1% By B WE 58 I 2E 47 FEL UK A PCR 7™
Y1, % lumina Nova 6000 & X+ & (99 15 1 3¢
JEHERT PE250 M. &R 3 i 1 7R S A ik R B4
A BR S m R AR S
1.4 EdEaHT

i FASTP VO. 14. 1 #4465 0h B i 47 1
U8, ] FLASH V1. 2. 11 8O0 AT PR R
USEARCH V8. 1. 1861 it Zs i ix 5 1A If- it b 3 f
(T 5 547 3 28 43, AH BRI IKOF 2 9795 ﬂ;ﬁﬁ
UPARSE #({ OTU 255115 Silva 168 504
PESEAT Xt , 4545 OTU 43284105 8Ok ki . 8

of PICRUSt XF OPU B R FEAT bk, K OTU o

JJAEG gréengene “id I:[ZXT KEGG ﬁ%EE?J&iT%b@%
T, {3 QIIME V1.9. 1 B X000 H1 IZHELE
%a ;&fr;%; FIFH SPSS 22. 0 Xu‘iﬁ%ﬁﬂcﬂzﬁ jf%éﬂfl

WRETE LT VAR AT B 2R 07 22 70 b dl i T R
TG HE I BHBAT BR A A 5 221 OTU 20 H Venn
K| AE 2 HEER R 2] | EAAR ST (principal
coordinate analysis,PCoA) & | [J/KEAHIXFEE | J&
KA PICRUSE 6 K D REFIN. 22 R(V. 4.
1. 2) ¥ A Vegan £ #E47 AH L1 73 1 (analysis of
similarities, ANOSIM ) 3 fiF: [R] — i 35 48 90 AR By Fl1AE
R PR - S 20 1 1 7% 45 44 1Y 22 5. I Canoco 5.0
HEAT AR 25 DY 5 A T R TR A5 A R TU AR
(redundancy analysis, RDA).

2 HFREHM

2.1 FEHL -SRI BB

HER 2 AN, ik gk T AR G L 4 1
pH ZEALE R 6. 60 ~ 8. 07 iiﬁmka(swcpb
0.27%~0.59%, w($OC) A 41.31 ~ 69. 74 g- kg_l,
w(TN) 2. 86,~5.24 g-kg ' Fll w(TP)j{]O 50 -
0.88 g-kg ' [RHFK +H T, %ﬁu%%x'%JLj:;&f pH g
R A 8. 04 ~8115, - HE SWC 4" 047%_~
0.69%, w(socwg 55.15 ~[72.21 g-kg™', @(TN)
$93.14 ~5.91 g ke]) %U*w(TP)j\:IO 64 - 0.7
g kg™ T%F&Wﬁ&/&?ﬁié&#ﬂ %HIJ%%XI%JLiﬁ?é
pH Fl SWC { TGP 52 :

-

By TH:E?E#%F‘T% TR Lt AR

fi % Table 2 Soil physicochemical plopeﬂlei of C. jubataat different altitudes
e pH SWC/B= w(S0C)/g-kg ! w(TN)/g-kg ! w(TP) /g kg™
HCJ1 6.60 +0.07 0.59 +£0.13 69.71 £5.97 5.24 +£0.40 0.88 +0.01
lHCJZ 8.07 £0.09 0.37 £0.05 45.02 +5.83 4.55 £0.56 0.59 +0.01
HCJ3 7.71 £0. 10 0.27 +0. 02 41.31 £2.49 2.86 +0.07 0.50 +0.03
LCI 8.04 +£0.07 0.66 £0. 12 62.73 £6.56 5.91+0.27 0.66 +£0.02
LCJ2 8.08 +0.03 0.69 +£0. 04 72.21+1.34 3.14 0. 64 0.71 £0.02
LCJ3 8.15+0.05 0.47 +£0.01 55.15+3.48 4.52 £0.82 0.64 +0.01
HCJ 7.46 +0.23b 0.41 0. 06b 52.01 +5.21a 4.22 £0.41a 0.65 +0. 06a
LCJ 8.09 +0. 03a 0.61 £0. 05a 63.36 +3.29a 4.52 £0.51a 0.67 £0.0la
B PRI+ BRIEIRE . IR 5 22 57 3 (P <0.05)
2.2 LHEANE DNA U5 HB > HR > LR.

P I 45 SR T AN [) T A R T S L AR B A
ﬂEﬁBTii%%qﬂ,/\ﬁﬁcélJﬁxﬁcVﬁUs 179 657 %%, w1t
TE LRI A R E 1553 069 541 £ 10 55 41 463
Yifh Venn l‘&‘lﬁﬁﬁ@?ﬁ#m M1 B OTU B H N
39100 1 (a) ], HAodH 1 OTU £ 12 086
A 005 B 30. 9% . IR AR PR 3 TR REA 1)
OTU % H M6 3324, 295 16. 2%, M AEAR B9 101
A 2915 23.3% . AIRIEFAR AR PR - 48 TP RE AT 1Y OTU %4
HR2 3714, 29015 6. 1%, T AEMR Br 9 2104, 29
23.6% . NI 1(b) W LIF AR AR B AR AR
Frt-3 OTU 434 80 H i KB/ HEF . LB >

2.3 RBRAEAEAR PR A0 T 2 AT

H 11 2 WA TR R — R, SR AR XS LR s 4 4
FHARTE Chaol 48 BUHIFr A4 Kty W& K T AR MR Pr.
SRINT, AT HRAG ILARES | ARMRPR , fEAN [R) SRR BE
TIEANGH 2 AR T W 25 . A AWF SR A R AR
B AR PR AR B - 8 20 T 22 RE PR 48 B0 S T iR 2 1)
TR FEMRIE(E3).
2.4 ARBERFAIAER BR A S840 B R VR S b S LS b
Pt

T Bray-Curtis EE%E"J%QQ*E‘%*E( PCoA) o
T | [R]— V4R L 5 40 XS JLAR B AR AR B 1= 18 20
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Fig. 1 Comparison of bacteria OTU number between rhizosphere and bulk soil of C. jubata at different altitudes
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Table 3  Differences in relative abundances of bacterial phyla and genera in rhizosphere and bulk soil of C. jubata at different altitudes

N AR %
i & = =
HEBR FEAR bR

Proteobacteria 0.535 +£0.047a 0.277 0. 006b
Rhizobacter 0.007 £0.001a 0. 004 +0. 000b
Mesorhizobium 0.338 £0. 062a 0. 026 +0. 002b
Pseudomonas 0.004 +0.001a 0. 002 +0. 000b
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Massilia 0.005 +0.001a 0. 002 +0. 000a
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RB41 0.015 +0. 002b 0.097 0. 007a
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Table 4 Differences in relative abundances of primary

functional genes in rhizosphere and bulk soil

of C. jubata at different altitudes
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PR AEARPR
R (A) 0. 824 +0. 000a 0.812 £0.001b
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ARG (E) 0. 006 +0. 000a 0. 004 =0. 000b
FAHLARG(F) 0. 002 +0. 000b 0. 003 +0. 000a
LG BAL TR (B) 0.101 0. 002b 0.120 +0.001a
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Fig. 7 Heatmap of relative abundances of pathway (level II )

functional genes in rhizosphere and bulk soil

of C. jubata at different altitudes
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